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1.0 INTRODUCTION 
In 1996, one of the main objectives of the work was the determination of the factors which 
were associated with the absence of any zinc removal during the winter time. The 
approach taken in the 1996 study in order to lead to an understanding of the winter non- 
performance has been two fold: 
. Define clearly the chemical changes throughout the “treatment system” 
. Determine the nature of the zinc particles formed 
. Define the role of biology in the process 
A data summary report was prepared in 1996 which indicated that it may be possible to 
reduce the zinc concentrations substantially through additions of phosphate fertilizer. 
Although the field experiments with fertilizer additions did not produce clear-cut results in 
the polishing ponds, factors, such a the length of time allowed for particle formation, were 
suspected as reasons for the failure, in addition to interference of other elements with the 
desired phosphate reaction with zinc. 
In 1996, the entire system was sampled for water from the Drainage Tunnel - OWP - OEP 
and throughout the polishing ponds for analysis of the complete cation I anion balance. 
This was required to complement the earlier finding that the elemental composition of the 
solid precipitates collected in the system (1995 report, Section 2.4) changed with respect 
to the location of sampling in the system. The difference in solids composition in the 
different locations could be the result of various reasons: 
. The precipitates are formed at different reaction rates, 
. The precipitates are of different sizes, therefore settle in different locations 
. The precipitates are the result of changes in chemistry in different locations 
. The precipitates formed are governed by the bicarbonate buffering system and it 
changes throughout the system. 
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In 1996/l 997, several key characteristics of the precipitates could be confirmed: 
OWP sedimentation traps: 50 % of particles 1 to 5 urn and 22 % less 1 urn in size; 
OEP sedimentation traps: 35 % of particles 1 to 5 pm and 56 % less 1 urn in size; 
(Results from the M.Sc. thesis granulometry, E. Lawson , 1997). 
The particulates in Buchans are mainly consisting of Na, Si02 and Fe; Zinc in the 
precipitates is associated with all fractions of a sequential extraction. Organic, water 
soluble and the oxide fraction from about 70 % in the sedimentation trap material, 
but up to 90 % in the solids collected in the biological polishing pond. 
Therefore, the zinc in the particulates has its origin in the water and therefore can be 
removed by processes such biological polishing or exchange of carbonate with phosphate. 
The phosphate present in the precipitates is either bound to oxides or organic (Results 
from the M.Sc. thesis, sequential extractions, E. Lawson , 1997). 
These findings support the concept of stimulation of biology as a collecting media for 
particulates and the replacement of carbonate associated with zinc to making a zinc 
phosphate. 
Hydrodynamic evaluations of the flow conditions in the OWP and OEP carried out in 1997 
also lead to the conclusion that particle formation is more favourable in OWP due to the 
hydrodynamics. 
That the hydrodynamics are very unfavourable and generally a strong force in the OEP 
was also supported by the findings of the picoplankton study of 1996, where the pit was 
found essentially void of small cells and primary productivity. The redox changes in the 
surface water and the resultant particle formation with the chemocline/thermocline do not 
allow for small cells to survive. 
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Particles which have grown to sizes greater than 1 urn are required before they will 
effectively settle out of the water column. Degassing of CO, leads to zinc carbonate 
formation which then associates with iron particles. Zinc carbonate particles are clearly 
visible at a magnification of 20,000 x, as zinc crystals surrounding iron particles in 
sedimentation trap material. Zinc carbonate particles are smaller than 1 urn, findings 
supported by the 1996 SEM RDX investigations, 
The dominant role of the bicarbonate buffering of the AMD in Buchans water was 
recognized earlier in 1991, as samples which were standing for some time showed zinc 
removal from solution. Water analysis of the carbonates, TIC, TOC and bicarbonate in 
Lucky Strike and the OEP lead to the conclusion that both Lucky Strike and OEP water 
were saturated with respect to zinc carbonate. The significance of the changes in 
temperature, pressure, carbon dioxide concentration changes (all factors which alter the 
pH and lead to zinc carbonate precipitation) were, however, only more fully appreciated 
later when the winter problem was investigated in 1995/l 996. 
In 1996, a complete water sampling of the system for chemical composition with the new 
configuration of the system (connection of the Drainage Tunnel to OWP and OEP), 
performed in order to carry out an elemental mass balance. By using chloride as a tracer 
element, contaminated and clean flows entering the system could be quantified. The OWP 
receives about 1.7 L/s of contaminated groundwater and OEP receives about 3.4 L Is of 
clean water and about 6 L Is of contaminated groundwater (January, 1997). A small 
correction has been made to the tables, which had unrelated numbers in Table 7. A reprint 
of Tables 7 to 11 is included in the Appendix A. 
Determination of the proportion of fresh water to contaminated water flow facilitated that 
contaminant loadings could be defined with respect to their origin. The most important 
possibility arising from this analysis of the fractions of clean and contaminated water 
entering the OEP is that the annual reductions in zinc loads originating from the OEP could 
be due to dilution by the fresh water contribution to the flow. In other words, a finite 
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amount of zinc possibly exists in the underground workings, and is being exhausted by 
clean water flow through the underground workings. This concept is supported by the 
observations that the fraction which is diluted each year has been relatively constant. 
IF THERE IS A FINITE AMOUNT OF ZINC EMERGING FROM THE UNDERGROUND 
WORKINGS, THEN A SCALE-UP OF A ONE-TIME TREATMENT WITH PHOSPHATE 
FERTILIZER WOULD ADDRESS NOT ONLY THE WINTER PROBLEM, BUT 
ESSENTIALLY ALL BUCHANS EFFLUENT PROBLEMS. 
IF THIS IS NOT THE CASF THEN A ONE-TIME TREATMENT SCALE-UP WOULD SEND 
$ INTO THE BUCHANS RIVER VIA THE TREATMENT SYSTEM. 
On the other hand, the assumption that a finite amount of zinc could have accumulated in 
the underground workings is only supported by the general believe in the profession that 
flooded underground workings no longer generate acid due to the low oxygen 
concentration in the ground water. 
This assumption has not been substantiated in the experience of Boojum Research Ltd 
at other sites and has also not been substantiated for the Buchans conditions. 
It was recommended, after the data had been assembled in the 1996 summary report at 
the beginning of 1997, that the existing data are analyzed in detail to ascertain, with the 
new information on the flows etc., whether a finite zinc supply is a reasonable expectation. 
In addition, work was to be carried out towards a scale-up of fertilizer treatment, Emphasis 
during the 1997 work was, however, placed on the phosphate additions and not on data 
analysis. Furthermore, the focus for treatment was to be the OEP. However, due to ice 
conditions on the pits, it was not possible to access the pit and only water from the outflow 
could be collected. Phosphate additions were made to OEP, OWP and also to Drainage 
Tunnel water. 
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2.0 PHOSPHATE ADDITIONS TO BUCHANS WATERS 
A series of experiments where carried out in buckets at room, intermediate and low (fridge) 
temperatures, the latter prevailing in the Drainage Tunnel and lower portions of the OEP 
and OWP water bodies. Phosphate was added at different concentrations and the zinc 
concentrations were determined at time intervals which were to a degree dictated by the 
availability of the analyst. 
In Appendix B, the data generated are given and the removal curves are plotted. The key 
factors which will decide on the optimal application rate of phosphate are: 
. The rate of reaction - determines the frequency of additions 
. The amount which reacts - determines the amount to be added 
. Which reactions have taken place - determines the reactants which make particles 
From the set of experiments performed in the buckets, reaction rates are plotted, sorted 
by the type of the water to which phosphate was added. In Figure la to lc, the rates of 
removal, in mM of zinc per hour, for 24 h reaction time are plotted against the 
concentrations, in mM, of phosphate added, for Drainage Tunnel, OWP and OEP. From 
the plots presented in the Appendix, it can be seen that an initial reaction takes place 
relatively fast and, when high concentrations of fertilizer are added, in some cases all of 
the zinc is removed immediately. 
If a relationship should exist between the amount of phosphate added and the amount of 
zinc carbonate replaced with zinc phosphate, then the analysis of the initial, or first order, 
reaction should yield some relationship to the amount of phosphate added. This is not the 
case when one examines the reactions rates during the 24 h (Figures la to lc) and the 
same calculations for reactions rates during the first 4 h (Figures 2a to 2~); no relationship 
between the removal rates and the amount added can be deciphered. 
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Figure la: Drainage Tunnel: K,HPO, 
Zn Removal versus added [POJ (I*, 24 hr) 
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Figure lc: OEP:IO~Z-IO.K~HPO,,SU~WPO, 
Zn Removal versus added [POJ (I*, 24 hr) 
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Figure 2a: Drainage Tunnel: K2HP0, 
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Figure 2b: OWP: K,HP04 
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I This does suggest that the removal is not due to the replacement of zinc carbonate with 
I 
zinc phosphate, as the amounts to be added were based on the molar concentrations of 
either Ca carbonate, Mg carbonate and Zn carbonate alone (equivalent to low phosphate 
I 
concentration additions), or in pairs or as the sum of all these carbonates (equivalent to 
the highest phosphate concentrations added). Rather, zinc removal may be due to the 
I extent to which flocculants formed and in turn settle. 
I Some of the contents of the buckets were shipped to Boojum for microfiltrations and 
I 
phosphate analysis. The data are presented in Appendix B. The supernatant solution still 
contained phosphate and the zinc particles passed through 0.1 urn filter papers. The 
I 
additions of the fertilizer in the buckets were therefore making flocculants, and these 
particles removed the zinc carbonate in the solution. These findings corroborate the fast 
I 
reactions rates noted in the experiments, and explain the absence of any relationship of 
the amount of phosphate added on a mM basis to the mM of zinc removed. The reaction 
I is not chemical, but of a physical nature, involving the formation of particles. This was finally confirmed with some column experiments carried out at Boojum, where small 
I concentrations were added and complete zinc removal could be observed (Table 9, Appendix B); while flocculates could be clearly seen in the columns, the p~oor quality of the 
I 
photograph shown in Plate 1 does not do these particles justice. 
I The scale-up considerations have to be based on: 
I 
If the essential reaction is to take place in order to achieve long-term treatment, i.e., 
replacement of the carbonate with the phosphate on the zinc molecule, then the 
I experiments examined in this light lead to the following conclusions: 
1 . The rate of reaction - determines the frequency of additions 
I 
Zinc removal observed does not reflect the rate of replacing zinc carbonate by zinc 
phosphate. It represent the rate of flocculation which differs between DT, OWP and OEP. 
I 
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Given the findings from the experiments, scale-up parameters cannot be derived from 
static experiments, since flocculant formation and settling behaviour will be very different 
in the dynamic flow conditions in the pit. The theoretical considerations on the 
hydrodynamics of the pits and the configuration of the treatment system, the most logical 
place to carry out experimentation to determine the amounts of fertilizer needed to remove 
or flocculate zinc is the Drainage Tunnel. This would include tracing the particles with a 
tracer. Given the fast rates observed in the experiments, it is recommended that the 
dosages of fertilizer added, used to start determining the effects in the dynamic conditions 
in the pit, are based on economic considerations. Once we know the key parameters for 
scale-up under the dynamic field conditions for flocculant formation, reasonable projections 
can be made for the treatment approach. 
Given potential expenditures with the scale-up of the phosphate additions, even for the 
particle formation, it was considered prudent to interpret the experiments in this report not 
only in the context of scale-up but within the context of success and overall objective to be 
achieved: Is a one time treatment resulting in the solution of the winter problem? A 
brief effort to address this questions is presented in Section 3. 
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3.0 FINITE ZINC SOURCE OR CONTINUOUS ZINC GENERATION FROM 
UNDERGROUND WORKINGS? 
In the OEP, zinc compounds, along with iron compounds, precipitate during the summer 
months and zinc is entirely removed from solution as the water passes through the 
polishing ponds during summer. During late fall and winter, the conditions of OEP water 
change such that zinc carbonate is not longer formed, as the saturation of bicarbonate 
increases with decreasing temperature and pH. 
Vertical profile data for OEP, although scarce, do show that the amount of zinc does not 
change with depth below 3 m. The iron precipitation only takes place in the upper part of 
the pit. The iron precipitation process was considered as part of the removal process, but 
experiments in 1996 showed that indeed zinc removal was independent of iron oxidation 
/precipitation. This can also be noted from the pit profiles of iron and zinc concentrations 
(Table 1). If zinc concentrations are not related to the iron concentrations, then what 
determines the zinc concentration in the water? 
In Table 2a, the concentrations in mM of the major elements in the water bodies 
comprising the system to which phosphate should be added are presented. In Table 2b, 
their milliequivalent concentrations indicate that the cation-anion balance is very good. This 
means that we have accounted for most of the constituents of the water, with the exception 
of Si. 
It is of more than passing importance to recognize that, in 1996, the Buchans waters with 
respect to zinc have reached the same concentrations and this may mean they have 
reached an equilibrium as long as they are in contact with sludges, which are present both 
in the OEP and in the Drainage Tunnel. Note further that, in comparison to the previous 
years, the bottom and top concentrations in the OEP are the same throughout the year, 
which was not the case prior to 1996 (Table 1). Throughout the system, zinc is present at 
0.2 mM. The major difference between the system’s water bodies is that the Drainage 
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Table 1: Water Quality Data for OEP Profile Water Samples Collected 
in April, 1993; April, October, 1995; February, July, August, 1996 
-o&ion 
weir 
2m 
3m 
4m 
6m 
8m 
IOm 
12m 
14m 
16m 
18m 
20m 
7zz- 
I7-Apr 
-ET= 
18.3 
22.7 
23.8 
24.9 
25.7 
21.1 
24.8 
26.9 
27.7 
28.1 
12-Apr 
15.4 
19.5 
20.2 
Zinc 
(m 
16.7 
?I-Feb 
10.5 
16.4 
16.5 
IO-Jul 
=?T 
14.6 
16.2 
l3-Aug 
13.4 
13.0 
1993 
l7-Apr 
ZT- 
41.0 
29.2 
53.6 
54.7 
49.0 
59.8 
56.2 
70.9 
76.4 
188.0 
I2-Apr 
3.9 
10.6 
6.4 
Iron 
(m 
1.2 
7.4 
30.8 
21 -Feb 
TTZ- 
63.7 
65.6 
62.7 
78.1 
13-Aug 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
‘1 
B 
I 
I 
I 
I 
1 
I 
I 
Table 2a: Concentrations, in mM of major ions in D.T., OWP and OEP. 
Table 2b: Milliequivalents of major ions in D.T., OWP and OEP. 
OWP OWP 
Surface Bottom 
mM mM 
1.9 2.8 
0.4 0.49 
0.95 1.0 
0.26 0.28 
0.001 0.0005 
2.5 3.7 
1.1 0.91 
0.88 0.68 
OEP OEP 
Surface 11 m 
mM mM 
6.5 9.8 
1.0 1.5 
2.3 4.9 
0.20 0.24 
0.006 0.761 
6.5 10 
2.1 4.1 
2.2 3.5 
OEP OEP 
22 m Outflow 
mM mM 
12 6.2 
1.4 1.0 
5.2 2.1 
0.25 0.18 
0.596 0.019 
12 6.4 
2.5 1.8 
3.6 1.6 
Drainage OWP OWP 
Tunnel Surface Bottom 
mM mM mM 
Cal 2.2 3.8 5.7 
Mg 0.40 0.80 
Na 0.44 0.95 
Zn 0.5 0.52 
Fe 0.015 0.003 
Cation sum1 3.6 I 6.1 
0.98 2 3.0 
1.0 2.3 4.9 
0.56 0.4 0.48 
0.0015 0.018 2.3 
8.3 17.718 30 
OEP OEP 
Surface 11 m 
mM mM 
13 20 
ET-T-Z 
mM mM 
23 12 
2.9 2.0 
5.2 2.1 
0.50 0.36 
-+-I+ 
so4 2.4 5.0 7.3 13 20 24 13 
Cl 0.36 1.1 0.91 2.14 4.1 2.5 1.8 
HC03 0.35 0.88 0.68 2.23 3.5 3.6 1.6 
Anion Sum 3.1 7.0 8.9 17.37 28 30 16 
Difference 0.45 -0.92 -0.66 0.35 2.6 3.7 0.68 
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Tunnel has the lowest Ca and sulphate concentrations (i.e. gypsum) compared to the other 
waters. The highest concentrations of all other cations and anions are found in the deeper 
portions of the OEP, compared to the other waters. Of further significance is that the 
concentration of bicarbonate is 10 times higher in the deeper waters of the OEP, compared 
to the Drainage Tunnel. 
The zinc in the Drainage Tunnel was considered emerging with a relatively steady 
concentrations and the flows were not varying much. The average annual decreases 
(Figure 3a, 3b and 3c) between the three different water bodies (DT, OEP and OWP), in 
the early years of the project, indicated that Drainage Tunnel zinc concentration was 
steady in comparison to the other effluents. This was explained by the fact that the 
overlaying drainage basin is mineral- bearing and hence generates acid and releases zinc 
at a constant rate. 
In 1996, it was confirmed that part of the water emerging from the Drainage Tunnel arises 
from the Lucky Strike which was flooded to final elevation in 1994. The average 
concentrations of zinc appear to fluctuate much more and no further decrease in 
concentration is noted. In fact, an increase in zinc concentration for the Drainage Tunnel 
was noted in 1995. For the OEP, the annual decrease has a much lower variability and 
the decrease is smaller. This suggests that the conclusion regarding the Drainage Tunnel 
zinc source, acid generation, is incorrect, but rather, it is likely that the underground 
workings with their accumulated sludge have reached an equilibrium, contributing about 
15 mg/L to the Drainage Tunnel. This concentration may be independent of the amount of 
acid generated, since the sulphate and iron concentrations are much lower in the Drainage 
Tunnel, compared to the OEP bottom waters, which now have similar zinc concentrations. 
However, sulphur and iron are much better indicators of acid generation than zinc 
concentrations alone. 
Boojum Research Limited 
July, 1997 14 
Scale-up of phosphate applications 
For: ASARCO INC. 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
Boojum Research Limited 
July, 1997 15 
Scale-up of phosphate applications 
For: ASARCO INC. 
I 
I 
I 
I 
1 
I 
# 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
The noted trends in the monitoring data should be analysed using statistical approaches, 
as now the database in large enough. In addition, geochemical modelling, which takes the 
carbonate bicarbonate chemistry into account, would be useful to define a final effluent 
concentration expected for the Buchans system. The first application of using these types 
of geochemical models produced good results for the Valley seeps, 
Some considerations can be made regarding the importance of the degassing of CO, when 
comparing the effluents. It can be assumed that, at the temperature of the Drainage 
Tunnel, the degassing is as complete as it will get, and produces the equilibrium 
concentration of 15 mg/L of zinc in its effluent. Further changes are only brought about in 
the Polishing Ponds where, during the summer, the temperatures are higher, which in turn 
control the CO, concentration. Other removal processes include the adsorption of Zn 
carbonate onto iron particles or organics, but no change can be expected in the chemical 
form of zinc. 
The annual reductions in OEP and OWP effluent zinc concentrations may be due to 
dilution by clean water and not due to the precipitation with iron in the OEP and the 
polishing ponds. The iron oxidation/reduction particulate formation, summarized in 
sedimentation rates collected over the years in the 1996 Report, indicate that indeed it is 
relatively steady rate, estimated at sedimentation rates of 100 kg/OEP pit/day, with 
possibly higher sedimentation rates at the bottom of the pit. Thus, it may be possible that 
the zinc is simply dissolving, due to the high bicarbonate concentrations, from the iron 
precipitates which have accumulated at the bottom of the pit, and is being recycled into the 
pit water body. If this were the case, the zinc concentrations in the OEP effluent are the 
result of redissolution of carbonates previously precipitated with the iron, and no new zinc 
is generated by acid mine drainage. 
The iron precipitation rates and their concentrations of zinc are used to evaluate this 
possibility. In Table 3a, the total amount of precipitate which might have accumulated in the 
OEP is estimated as 568 tonnes since the flooding of the pit. This represents at most about 
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Table 3a: Sedimentation Rate Data, Calculations for OEP, 1987 - 96 
Oriental East Pit (OEP) 
Cumulative Cumulativ’ 
No. of Average Sediment in sediment Zinc 
iedimentation Traps Days in Sed. rate,kgd’.pit~’ Sedimentation in period to date at 2% 
Placed Retrieved Period 20 m 4 m 11 m kg.d’.pif’ kg.m“d tin period t t 
1987 ESTIMATE 365 154.5 ** 56.4 56.4 1.1 
198% ESTIMATE 365 154.5 ** 56.4 112.8 2.3 
1989 ESTIMATE 365 154.5 ** 56.4 169.2 3.4 
Ian-Sep90 ESTIMATE 333 154.5 l * 51.4 220.6 4.4 
!O-Sep-90 22-Ott-90 32 40 40.1 2.06 1.3 221.9 4.4 
!2-Ott-90 2%-May-91 21% 89 89.2 4.57 19.4 241.4 4.8 
!%-May-91 I%-06-91 143 104 103.5 5.30 14.8 256.2 5.1 
1 %-Ott-91 29-Sep-92 347 362 361.8 18.54 125.5 381.7 7.6 
!9-Sep-92 14-Jun-93 25% 154.5 ** 39.9 421.6 8.4 
14-Jun-93 30-Aug-93 77 6,904 * 115 193 153.8 7.8% 11.8 433.4 8.7 
IO-Aug-93 11 -J&94 315 2,006 * 99 8% 93.3 4.7% 29.4 462.8 9.3 
1 I-Jul-94 07-Sep-94 5% 415 414.6 21.25 24.0 486.9 9.7 
)7-sep-94 07-Jul-95 303 233 77 62 124.1 6.36 37.6 524.4 10.5 
07-Jul-95 12-act-95 97 116 103 95 104.6 5.36 10.1 534.6 10.7 
12.act-95 IO-Jul-96 272 1,162 l 8% 8% 88.1 4.52 24.0 558.5 11.2 
IO-Jul-96 29-Sep96 81 181 93 107 127.0 6.51 10.3 568.8 11.4 
Avg = 154.5 (avg used for *+ above) 
*I,:~,~ ~I~~~ ,!,~~,L 2~~~ L- ~~~:.~~~~~~..L~:~.-... \,-, ..A A:. .-l...l-l:--- 
Table 3b: Annual zinc load from OEP, 1987-1996 
Year Flow [Zn] Load Load Cumulative 
L/s mg/L mgk 1 ttvr flvr II 
1987' 9.2 
1986* 9.2 
1989 9.2 
1990 9.2 
1991 9.2 
1992 9.2 
1993 9.2 
1994 9.2 
” 
41.64 3837 12.1 12.1 
41.64 383 12.1 24.2 
41.64 383 12.1 36.2 
29.36 270 8.5 44.8 
24.81 228 7.2 52.0 
21.1 194 6.1 58.1 
19.52 180 5.7 63.7 
16.36 151 4.7 68.5 
14.39 132 4.2 72.7 
13.71 126 4.0 76.6 
* For 1987, 198% assumed concentration as for 1989 
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11.4 tonnes of zinc, if the precipitate contains 2% zinc. If the total accumulated amount 
of zinc is considered in relation to the amount which has left, based on a flow of 9.2 Us and 
the annual average zinc concentrations (Figure 3a), then it is evident that the zinc has to 
have been generated by other sources than the iron precipitate. In Table 3a, the 
cumulative amount of zinc which has left the OEP is 76 tonnes and only about 11 tonnes 
have accumulated, based on the sedimentation rates. 
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4.0 CONCLUSIONS AND RECOMMENDATIONS 
The analysis of the experiments of the phosphate additions indicated that indeed zinc can 
be removed from the water column with a flocculant formed under static conditions in the 
pit. Given that the removal process is physical, amounts of phosphate required has to be 
determined under dynamic conditions. The objective is to replace the carbonate with the 
zinc in order to produce a more stable zinc phosphate, and the experiments did not 
indicate that this takes place. It has to be concluded that the stability of the resultant 
flocculant would have to be addressed prior to full scale-up of the treatment approach. 
It was concluded, based on a brief analysis of the data generated in 1996, that possibly 
acid generation is continuing to generate zinc, which would make a one time application 
of fertilizer inappropriate. Therefore, it is recommended that the question of the origin of 
the zinc and the expected potential for perpetual treatment is evaluated seriously, prior to 
any scale-up for large-scale phosphate treatment. This is particularly the case, since the 
zinc concentrations in Lucky Strike are still on the rise and treatment there may be the 
most effective in the overall load reductions. 
Additions to test the precipitate formation should be made with fertilizer to the Drainage 
Tunnel, such that flocculant formation can be tested. Schematic 1 gives the layout for the 
test work in OWP. Furthermore, the stability or chemical composition of such flocculants, 
sedimented in sedimentation traps in the OWP should be identified to ascertain that a 
stable precipitate is formed. 
It should also be recalled that lime additions to the Buchans waters did result in sludges 
which were releasing zinc and that the sludge volume was considerable. 
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Table 3: Chloride Mass Balance for OWP, OEP System. 
CHLORIDE Flow [Cl 1 Cl Load Removal 
us mg/L mgls % 
Drainage Tunnel 8.3 12.7 105 
OWP Contaminated Groundwater 1.7 144 249 
OWP Surface Outflow 10 35.3 354 
OEP Surface Inflow 10 35.3 354 
OEP Contaminated Groundwater 5.64 149 670 
OEP Clean Groundwater 3.36 2 6.7 
OEP Outflow 19.2 64.1 1231 677 
Table 4: Sodium Mass Balance for OWP, OEP System Based on Flows 
Derived from Chloride Mass Balance 
SODIUM Flow WI Na Load Removal 
US mglL mgls % 
Drainage Tunnel 6.3 10.2 
OWP Contaminated Groundwater 1.7 114 
OWP Surface Outflow IO 22 
g =y+ 
81 22% 
OEP Surface Inflow IO 22 221 
OEP Contaminated Groundwater 5.8 120 701 
OEP Clean Groundwater 3.4 a 26.9 
4 __ 
OEP Outflow 19.2 49 941 948 1% 
Table 5: Zinc Mass Balance for OWP, OEP System Based on Flows 
Derived from Chloride Mass Balance 
ZINC Flow ml Zn Load Removal 
US mglL mgls % 
Drainage Tunnel a.3 16.3 
OWP Contaminated Groundwater 1.7 15.5 :“,” ==f+ 
OWP Surface Outflow 10 16.6 166 162 -3% 
OEP Surface Inflow 10 16.6 
OEP Contaminated Groundwater 5.6 15.2 
OEP Clean Groundwater 3.4 0.01 
OEP Outflow 19.2 11.9 10% 
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Table 6: Iron Mass Balance for OWP, OEP System Based on Flows 
Derived from Chloride Mass Balance 
IRON Flow WI Fe Load Removal 
us mglL mgls % 
Drainage Tunnel 8.3 0.131 
OWP Contaminated Groundwater 1.7 63.2 :cil -+ 
OWP Surface Outflow IO 0.1065 1.1 110 99% 
OEP Surface Inflow 10 0.1065 1.1 
OEP Contaminated Groundwater 5.8 51.27 300 
OEP Clean Groundwater 3.4 0.01 0.03 
OEP Outflow 19.2 1.46 28 91% 
Table 7: Sulphate Mass Balance for OWP, OEP System Based on Flows 
Derived from Chloride Mass Balance 
SULPHATE Flow [SO41 SO4 Load Removal 
us mglL mgls % 
Drainage Tunnel 8.3 120 
OWP Contaminated Groundwater 1.7 1080 IE =ifi) 
OWP Surface Outflow 10 255 2552 2861 11% 
OEP Surface Inflow 10 255 2552 
OEP Contaminated Groundwater 5.8 1168 6812 
OEP Clean Groundwater 3.4 10 34 
OEP Outflow 19.2 479 9197 
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0 ,w zoo 3w 4w So0 6W 7w 0 1w zw 300 400 500 600 700 
HOWS HOWS 
Fig 4c: Exp’t 4: OWP Open 
Vault T’C: 2.0 g K2HP0, 
! ~~~~I 
0 100 2w 3w 400 5w 6W 700 
HOWS 
Fig 4f: Exp’t 4: OEP Open 
Vault PC: 5.3 g K,HP04 
, 6 ,. 
j l;L; : : ~ 1 
0 100 *co 300 4w 5M) 600 700 
HOWS 
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Fig 49: ExpY 4: D.T. Open 
Vault PC: Control 
:,‘~~I 
0 lco 200 3w 400 MO SW 700 
HIXNS 
Fig 4h: Exp’t 4: D.T. Open 
Vault T%: 0.84 g KZHP04 
Fig 4i: Exp’t 4: D.T. Open 
Vault T%: 1.4 g K2HP0, 
,lj . 
j ijp-~ ! I : ~ 1 
0 1w zw 3w 4w SW SW 700 
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I Fig 5a: Exp’t 5: OEP Open Vault PC: Control I 
I Fig 5b: Exp’t 5: OEP Open vault PC: 20 g Ca,(“,P0,).3H*0 I 
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Table 1 a: Experiment 1: July, 1996: Oxidation/Temperature Experiment 
0 
2( 
0 
2( 
0 
1; 
0 
1; 
0 
5 
0 
5 
EP Surf Open TC Zn Fe OEP Bottom Open TC Zn Fe 
)C 0 14.1 0.1 20 c 0 16.3 56.7 
4 14.2 0.1 4 13.9 7.6 
14 3.7 0.1 14 1.6 0.1 
EP Surf Closed 0 
)C 4 
14 
Zn Fe Zn Fe 
14.1 0.1 OEP Bottom Closed 0 16.3 56.7 
14.2 0.1 20 c 4 15.7 16.2 
14.1 0.1 14 14.9 0.1 
EP Surf Open 0 
!C 4 
14 
Zn Fe 
14.1 0.1 OEP Bottom Open 
14 0.1 12 c 
12.4 0.1 
Fe 
56.7 
41.9 
0.6 
EP Surf Closed 0 
!C 4 
14 
Zn Fe 
14.1 0.1 OEP Bottom Closed 
14.3 0.1 12c 
13.6 0.1 
Fe 
56.7 
23.1 
0.3 
EP Surf Open 0 
C 4 
14 
Zn Fe 
14.1 0.1 OEP Bottom Open 
14 0.1 5 c 
13.5 0.1 
Zn 
0 16.3 
4 16.5 
14 13.9 
Zn 
0 16.3 
4 16.2 
14 15.1 
Zn 
0 16.3 
4 16.6 
14 15.5 
Fe 
56.7 
56.9 
20.5 
EP Surf Closed 0 
C 4 
14 
Zn Fe Zn Fe 
14.1 0.1 OEP Bottom Closed 0 16.3 56.7 
13.7 0.1 5c 4 16.4 52.9 
13.4 0.1 14 16.2 26.4 
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Table 1 b: Experiment 1: July, 1996: Oxidation/Temperature Experiment 
WP surf open 
)C 
VVP Surf Closed 
IC 
INP Surf Open 
!C 
WP Surf Closed 
!C 
WP Surf Open 
C 
WP Surf Closed 
c 
TC Zn Fe OWP Bottom Open TC Zn Fe 
0 17.1 0.1 20 c 0 17.9 0.1 
4 17.9 0.1 4 14.7 0.1 
14 12.4 0.1 14 7 0.1 
Zn Fe Zn Fe 
0 17.1 0.1 OWP Bottom Closed 0 17.9 0.1 
4 17.7 0.1 20 c 4 18.8 0.1 
14 17.9 0.1 14 19.3 0.1 
Zn Fe Zn Fe 
0 17.1 0.1 OEP Bottom Open 0 17.9 0.1 
4 17.7 0.1 12c 4 10.7 0.1 
14 16.9 0.1 14 18.6 0.1 
Zn Fe Zn Fe 
0 17.1 0.1 OWP Bottom Closed 0 17.9 0.1 
4 17.4 0.1 12 c 4 I a.7 0.1 
14 17.5 0.1 14 18.0 0.1 
Zn Fe Zn Fe 
0 17.1 0.1 OWP Bottom Open 0 17.9 0.1 
4 17.3 0.1 5c 4 18.7 0.1 
14 17.3 0.1 14 18.2 0.1 
Zn Fe Zn Fa 
0 17.1 0.1 OWP Bottom Closed 0 17.9 0.1 
4 17.3 0.1 5c 4 18.6 0.1 
14 17.2 0.1 14 18.3 0.1 
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Table 2: Experiment 2: January 7, 1997, 10-52-10 fertilizer in OEP water 
NO 1 No.2 NO. 3 No. 4 
No1.459 6.3g 0.87 g CO”trOl 
Time Hours Temp. C Temp. C Temp. C Temp. C 
07Jan-97 9.50 0.W 0.9 0.9 1 1.1 
07.h.97 10.67 1.17 0.9 0.9 1 2.5 
07&“-97 11.17 1.67 2 1.9 2 3 
07-Jan-97 14.17 4.67 4.8 4.9 4.9 6 9”deep 
07-Jan-97 16.67 7.17 9 9 a.2 9 before stir 
Oa-Jan-97 38.17 28.67 17 17 17 17 before stir 
W-Jan-97 58.50 49.w ia ia ia ia 
1%Jan-97 191.50 191.50 19 19 ia 18 
20.Jan-97 313.5 313.5 
No1 No.2 No. 3 No. 4 
ag 6.3 g 0.87 g CO”trOl 
Wps Conditions b&r stir uncorrected 
0.00 1080 1080 loa 1080 
1.17 2wl 1020 1060 1160 
1.67 1630 1215 1140 1105 
4.67 ,790 1375 1200 ,180 
7.17 1420 1520 I 280 13w 
26.67 3302 1730 1580 1580 
49.00 3400 la05 1600 1585 
191 so 3310 lam ,600 1600 
313.50 
- 
I 
I -
No 1 No.2 No. 3 No. 4 
eg 6.3 g 0.87 g Control 
n, mg/L Zn. mg/L Zn, mg/L Zn, mg/L 
17.35 17.605 17.45 17.505 
14.605 15.5 15.45 15.505 
12.685 13.45 14.45 17.45 surface 
10.65 13.855 14.2 15.85 after stir 
a.805 7.6 11.05 15.95 after stir 
7.65 4.65 6.13 16.45 
a.15 3.055 7.35 14.005 
7.385 2.845 4.75 10.62 
9.965 14.76 12.7 6.885 
No 1 No.2 No. 3 No. 4 
*La 6.3 g 0.87 g CO”trOl 
Conditions atter stir uncorrected 
3380 ,785 15ao 1580 
No1 No.2 No. 3 No. 4 
*g 6.3 g 0.87 g Cantrol 
1. mg!L Zn. mg/L Zn. mgR Zn, mglL 
15.95 16.75 17.155 17.45 
14.75 13.45 14.6 15.655 
15.15 13.6 15.855 16.75 
I 
I 
I 
I 
1 
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Table 3a: Experiment 3 
OWP RPC open Control 
OWP R PC Open 0.71 g 
KZHP04 
OWP RPC Open 5.959 g 
K2HPO4 
OWP R PC Closed controt 
OWP RPC Closed 0.71 9 
KZHP04 
OWP R PC c1oreci 5.959 g 
KZHP04 
OWP Vault open Control 
ata February 27,1997 
Time a~% 
27-F&-97 0.00 15.00 5 14.85 6.45 7.0 250 
2%Feb.97 1.00 ,000 24 14.81 6.60 13.0 310 
*-Mar-97 3.00 10.00 72 14.61 6.65 13.0 312 
Date Day Hr HOUrS 
27.Feb.97 0.00 11.00 , 
27.Feb.97 0.00 15.00 5 
2.9.Feb.97 I.00 10.00 24 
Z-Mar-97 3.W 10.00 72 
?“I [Fe1 
14.30 Cl 
13.20 
11.25 
9.25 
PH Temp C0”d 
6.60 1.5 258 
6.70 6.5 265 
8.70 12.9 344 
6.80 13.0 338 
Date Day Hr HONS 
27.Feb-97 0.00 11.00 1 
27.Feb.97 0.00 15.00 5 
25%Feb-97 1.00 10.00 24 
2.MS-97 3.00 10.00 72 
Zll] PI 
13.51 Gl 
3.34 
0.67 
0.21 
PH Temp C0nd 
7.00 1.0 480 
7.25 5.5 495 
7.40 12.5 510 
7.40 12.5 510 
Date Day Hr HOUS 
27.Feb.97 0.00 11.00 1 
27-F&97 0.00 15.00 5 
28.Feb.97 1.00 10.00 24 
2-Mar-97 3.W IO.00 72 
al] PI 
14.40 <I 
14.66 
14.50 
14.75 
PH Temp Cond 
6.40 2.0 236 
6.70 6.0 2% 
6.65 12.3 314 
6.60 12.5 312 
oate Day Hr HOUS 
27.Feb.97 0.00 11.00 1 
27.Feb.97 0.00 16.00 5 
28.Feb-97 1.00 IO.00 24 
2-Mar-97 3.00 10.00 72 
zn1 IF4 
14.15 4 
14.21 
10.05 
10.61 
PH Temp Cond 
6.70 1.0 235 
6.70 5.5 27i 
6.75 12.3 326 
6.75 12.1 321 
Date Day tir HOUS 
27-Feb.97 0.00 11.00 1 
27.Feb.97 0.00 15.00 5 
28-Feb.97 1.00 10.00 24 
2.Mar-97 3.00 10.00 72 
w PI 
13.60 Cl 
2.00 
0.41 
0.24 
PH Temp Cond 
7.30 1.6 451 
7.30 7.5 50; 
7.40 12.3 56C 
7.40 12.0 54 
Date Day Hr HOUE 
27-Feb.97 0.00 ll.w 1 
27.Feb.97 0.00 15.00 6 
2%Feb-97 1.00 10.00 24 
2.Mar-97 303 IO.00 72 
4 PI 
14.40 <l 
13.75 
12.95 
14.30 
-0.25 
5.c 
13 
-0.2 
3.9 
13.3f 
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Table 3b: Experiment 3 data cont. 
Date Day Hr Hours [zn] [Fe1 PH Temp Cond 
OWP Vault CJP.2” 0.71 g 27.Feb.97 0.w 11.00 1 14.10 4 6.70 1.2 246 
KZHP04 27-F&97 0.00 15.00 5 13.41 6.70 0.0 233 
ZaFet-97 1.00 IO.00 24 11.21 6.75 1.0 246 
2.MU-97 3.00 10.00 72 9.95 6.85 2.6 260 4.1 
Date Day Hr Hours En] [Fe1 PH Temp Cond 
OWP Vault open 6.969 g 27-Feb-97 0.00 11.00 1 13.45 Cl 7.30 1.2 431 
KZHP04 27-Feb-97 0.00 15.00 5 3.09 7.30 -0.5 410 
ZaFeb-97 l.W 10.W 24 0.59 7.40 1.0 436 
z-Mar-97 3.00 lo.w 72 0.26 7.45 3.0 440 13.1: 
Date Day Hr Hours rn] IF=1 PH Temp Cond 
OWP Vault closed control 27-F&97 0.w ll.w 1 13.96 Cl 6.60 1.0 225 
27-Feb.97 0.00 15.w 5 13.41 6.55 -0.5 216 
2aFeb97 1.00 lo.w 24 13.15 6.55 1.0 230 
Z-Mar-97 3.W 1O.W 72 14.35 6.55 3.5 242 -0.3I 
Date Day Hr Hours F] [Fe1 PH Temp Cond 
OWP vault Closed 0.71 9 27.Feb97 0.00 ll.w 1 13.65 cl 6.60 1.0 238 
KZHP04 27.Feb-97 0.00 15.w 5 12.95 6.65 -09 225 
ZaFeb-97 t.W 10.00 24 11.30 6.75 0.5 240 
Z-M.3187 3.00 10.W 72 10.55 6.80 3.5 253 
Date Day Hr Hours [zn] PI PH Temp Cond 
OWP Vault Closed 6.959 9 27-Feb97 0.00 11.00 1 13.20 Cl 7.30 0.4 401 
KZHP04 27-Feb-97 0.00 15.w 5 3.96 7.30 4.9 388 
ZaFeb-97 1.00 10.00 24 0.69 7.40 0.0 418 
Z-Mar-97 3.W 10.00 72 0.26 7.40 3.2 441 12.9, 
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Table 4a: Experiment 4: March 6, 1997 
Time aner 
Set-Up 
Date Day Hr Hours [zn] [Fe] pH Temp Cond 
OWP vaun Control &Mar-97 0 II.00 1 14.15 4 6.55 1.0 225 
6Mar-97 0 13.00 3 14.25 4 6.55 2.0 242 
6-Mar-97 0 17.50 7.5 14.36 4 6.65 2.0 263 
7-Mar-97 1 11 so 25.5 14.25 Cl 6.70 2.1 230 
1 l-Mar-97 5 17.00 127 14.8 Cl 6.6 0 220 
13-Mar-97 7 lo.w 168 14.45 Cl 6.6 2 229 
31-Mar-97 25 12.w 602 14.06 4 6.7 5.7 250 
Date Day Hr Hours [zn] [Fe] pH Temp Cond 
OWP Vault 0.77 KZHP04 g 6-Mar-97 0 11.00 1 14.05 Cl 6.65 1.0 238 
6-Mar-97 0 13.00 3 14.01 4 6.60 2.0 242 
6-Mar-97 0 17.50 7.5 14 Cl 6.66 2.2 240 
7-Mar-97 1 11.50 25.5 12.25 4 6.75 2.0 241 
1 l-Mar-97 5 17.00 127 10.66 4 6.6 0 231 
1%Mar-97 7 lo.w 166 10.66 4 6.7 2 239 
31-Mar-97 25 12.Ou 602 6.65 4 6.65 5.7 261 
Date Day Hr Hours pn] [Fe] pH Temp Cond 
OWP Vault 2.0 KZHPOI 9 6-Mar-97 0 11.00 1 13.51 4 6.75 1.0 276 
6-Mar-97 0 13.M) 3 13.61 et 6.75 2.0 266 
6.Mar-97 0 17.50 7.5 6.45 4 6.60 2.1 263 
7.Mar-97 1 11.50 25.5 4.15 4 6.90 2.0 289 
11 -Mar-97 5 17.00 127 2.21 Cl 6.65 0 196 
13-Mar-97 7 lo.w 168 2.17 ~1 6.9 2 240 
31.Mar-97 25 12.w 602 1.65 el 7.05 5.5 312 
Date Day Hr Hours [zn] [Fe] pH Temp Cond 
OEP Vault Control 6-Mar-97 0 11.00 1 13.4 37.7 6.40 1.0 1350 
S-Mar-97 0 13.00 3 13.35 37.5 6.40 2.0 1330 
6-Mar-97 0 17.50 7.5 13.65 32.6 6.40 2.0 1270 
7-Mar-97 1 Il.50 25.5 13.75 27.7 6.45 3.0 1210 
1 l-Mar-97 5 17.00 127 13.25 6.3 0.6 ,190 
13-Mar-97 7 lo.w 166 13.45 7.25 6.4 2 1210 
31-Mar-97 25 12.w 602 12.65 4 6.46 6 1320 
Date Day Hr Hours [ul] PI PH Temp Cond 
OEP vaun 0.69 K2HP04 g 6-Mar-97 0 ll.w 1 13.45 36.2 6.40 1.0 1230 
6M2.1.97 0 13.00 3 13.2 346 6.40 2.0 1250 
6Mar-97 0 17.50 7.5 12.21 31.4 6.40 2.0 1220 
7-Mar-97 1 11 so 25.5 9.95 22.3 6.50 2.6 1210 
1 l-Mar-97 5 17.00 127 9.605 6.4 0.2 1260 
13-Mar-97 7 10.00 166 9.7 3.15 6.45 2 IMI 
31-Mar-97 25 12.w 602 4.6 4 6.55 6 1320 
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Table 4b: Experiment 4: March 6, 1997 
Date IJay Hr Hours [Zn] PI W Temp Cond 
OEP Vault 
D.T. Vault 
D.T. Vault 
D.T. Vault 
5.3 g K2HP04 6-Mar-97 0 11 .oo 1 8.45 32.7 6.40 1.0 1320 
6-Mar-97 0 13.00 3 3.706 31.4 6.40 2.0 1350 
6-Mar-97 0 17.50 7.5 1.66 16.2 6.40 2.0 1310 
7-MU-97 1 11.50 25.5 0.415 12.8 6.50 2.6 1320 
11 -Mar-97 5 17.00 127 0.16 6.45 0.2 
1 J-mar-97 7 10.00 168 0.145 1.45 6.45 2 1300 
31-MM-97 25 12.00 602 0.1 Cl 6.55 5.6 1431 
Date Day Hr HOWS PI [Fe1 PH Temp Cond 
Control 6Mar-97 0 1l.W 1 14.95 Cl 6.20 4.1 220 
~-MN-97 0 13.00 3 14.91 ct 6.25 3.5 220 
6-Mar-97 0 17.50 7.5 15.15 Cl 6.25 4.0 214 
7.Mar-97 1 11.50 25.5 15.1 Cl 6.40 2.5 210 
1 l-Mar-97 5 17.w 127 15.21 Cl 6.4 0 227 
i3-tar-97 7 1O.W 166 15.25 ~1 6.5 2 205 
31 -MET-97 25 12.00 602 15.05 Cl 6.65 5.3 226 
0.84 9 K2HP04 
Date Day Hr H0WS lznl PI PH Temp Cond 
6MFx-97 0 11 .oo I 15.01 4 6.30 4.5 262 
6-Mar-97 0 13.00 3 14.65 Cl 6.40 4.0 258 
&Mar-97 0 17.50 7.5 14.96 <I 6.35 4.0 251 
7.Mar-97 1 11.50 25.5 14.11 d 6.50 2.3 242 
I 1 -Mar-97 5 17.00 127 10.45 <I 6.45 0 239 
13-Mar-97 7 10.W 166 11.21 Cl 6.6 2 234 
31-Mar-97 25 12.00 602 10.31 Cl 6.5 5.3 260 
1.4 g K2HPD4 
Date Day Hr H0"rS IZn] [Fe] pH Temp Cond 
6Mar-97 0 11 .oo 1 15.05 Cl 6.40 4.7 275 
6-Mar-97 0 13.00 3 14.6 Cl 6.45 4.0 270 
S-Mar-97 0 17.50 7.5 14.2 cl 6.40 3.6 262 
7-Mar-97 1 11.50 25.5 11.65 cl 6.50 2.3 255 
11 -Mar-97 5 17.00 127 4.93 4 7.1 
1%Mar-97 7 10.W 168 3.65 <I 6.7 2 249 
31-Mar-97 25 12.00 602 4.05 4 6.6 5.1 272 
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Control 
20 g Ca,(H,P0,).3H,O 
Table 5: Experiment 5: Calcium Superphosphate, March 20, 1997 
Date 
2oMar-97 
20-Mar-97 
24-Mar-97 
26M.x.97 
W-Mar-97 
lime arm 
set-up 
Day Hr Hours (ih] PI PH Temp Cond 
0 1i.w 0.08 14.15 6.55 1.0 22: 
0 14.00 3.08 14.25 32.1 6.55 2.0 24; 
4 IO.00 95.08 14.36 12.8 6.65 2.0 28: 
6 13.M) 146.08 14.25 2.55 6.70 2.1 231 
1, 12.00 265.08 14.8 4 6.6 0 22l 
Date Day Hr Hours (Zn] PI PH Temp Cond 
20.Mar-97 0 II.00 0.08 2.0 1200 
20.Mar-97 0 14.0 3.08 13.15 29.5 6.30 2.0 1180 
24-Mar-97 4 lo.w 95.08 6.41 10.7 6.15 4.3 1228 
26Mar.97 6 13.w 146.08 6.05 1.15 6.15 4.8 1210 
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Table 6 : Characteristics of 4 USG Samples received March 3, 1997 
Fitration Drops Initial Final [Znl Dl I EnI 
OVVP 
0.1 N NaO PH PH mg.C’ F.P.# mg.C’ mg.L” 
3-Mar-9, 3.MU-97 3.Mar-97 3.Mar-97 13.Mar-97 21.Mar-97 
Control 5 6.4 7.15 12.5 12.5 11 
0.1 3 7 11.5 0.1-l/97 
0.2 2 7.08 12 0.2-22197 
0.45 2 7.12 12 0.45-41197 
0.8 5 7.15 12 0.8-61197 
D.T. Control 8 7.16 13 13 
0.1 5 6.95 12.5 0.1-z/97 
0.2 4 7 13 0.2-23197 
0.45 4 7.04 14 0.45-42197 
Table 7: Characteristics of PO.,-treated Samples Received March 21, 1997 
Experiment set up 6-Mar-97 
ASARCO Boojum Boojum Boojum 
K2HP04 ml FQil m 
Treatment Addition, g mg.C’ PH mg.L” mg.C’ 
Name per USG 13-Mar-97 21-Mar-97 21-Mar-97 Zl-Mar-97 
OWP Low 0.77 10.9 6.84 12 6.5 
OWP High 2 2.2 6.74 35 co.5 
OEP Low 0.69 9.7 6.64 0.1 8 
OEP High 5.3 0.1 6.65 25 co.5 
Table 8: Zinc Concentrations in Filtered Samples of OWP Low Sample 
OWP Low OWP LOW OWP Low OWP Low OEP Low OEP Low OEP Low OEP Low 
Boojum Boojum Boojum Boojum Boojum Boojum 
PI w41 Knl IPO41 
PH mg.C’ mg.C’ PH mg.L’ mg.C’ 
Fitration F.P. # 21-Mar-97 Zl-Mar-97 Zl-Mar-97 F.P. # ####### 24-Mar-97 24-Mar-97 
Control 6.44 7.5 12 6.69 
0.1 urn 0.1 - 6 I97 6.35 
0.2 urn 0.2-26197 6.4 
0.45 urn .45 -4619 6.42 
0.8 urn 0.8 -66197 6.43 
1 
i 
1 
I 
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Table 9: Experiment 6 Data 
Soojum laboratory 1 I column experiments Drainage Tunnel Control 
AmY Initial Final Samplin 
water Vol. of storage storage Reagent Added PO41 K"l IZ”l Time 
Commenced Source Sample, L Temp. “C Conditions Added 9 “7g.C’ mg.L-’ mg.C’ hrs 
Exp? 6 Mar-97 D.T. 
D.T. 
D.T. 
D.T. 
D.T. 
Mar-97 OWP 
OWP 
OWP 
1 20 
1 20 
1 20 
1 20 
1 20 
1 20 
1 20 
1 20 
1 20 
Open CO”bOl 0 0 15 15 48 
open K*HPO, 0.3 164 15 1 40 
Open K?HPO, 0.3 164 15 1 46 
open K2HP04 0.2 109 15 1 48 
Open K?HPO, 0.2 109 15 1 46 
open Control 0 0 14 14 4 
open K,HPO, 0.3 164 14 1 4 
open K2HP04 0.3 164 14 1 4 
open K*HPOa 0.2 109 14 1 4 
OWP 1 20 open KZHPO, 0.2 109 14 1 4 
